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Guiding Aid
“ax
The invention relates to a guiding aid for an instrument to be advanced within a vascular
system, particularly the human.vascular system, comprising a flexible, formable shaft having

a bent section with a predetermined curvature.

Sucﬁ guiding aids are used in transluminal interventions in the human vascular system where
elongated instruments such as guide wires or catheters are manipulated at their proximal end
by a physician to advance those instruments along a certain path through the vascular system

to a site of treatment. For this purpose the instrument comprises at its distal end a tip which

i

TR 0 G e g

has approximatelyi]—shape and which either is pre-formed by the manufacturer or is
individually bent by the physician. The column strength and the torsional strength of the
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5 instrument provide for axial and rotational movements being transferred from the proximal
L end of the instrument directly to the tip thereof. With the distal J-bow being correctly
e dimensioned the physician may navigate the instrument along a path selected by him through
3 a branched vascular system such as the human blood vessel system.

15  From the prior art there are known various embodiments of instruments with such guiding
aids. US-A-4 846 186 discloses a flexible guide wire for advancing diagnostic and
therapeutical catheters. The tapered core wire is flattened at its distal end such that it may be
bent by the treating physician in this area into J-shape. A further application is shown in
European Patent 0 220 285 wherein a balloon catheter is provided with a fixedly installed

20  guide wire. The shaft of the wire which protrudes beyond the balloon is tapered and is
surrounded by a wire helix. In the distal end section there is attached to the wire a shaped
element made of stainless steel which in the relaxed state has a pre-selected curvature to serve
as guiding aid. A guiding aid of the type mentioned above further is known from WO
97/32518; here there is provided a guide wire having a pressure measurement feature. At the

25  distal end of the tubular wire there are located lateral openings through which a pressure pulse
of the blood may propagate through the lumen of the tubular element to a pressure sensor
located at the proximal end. A tip made of a formable shaft and a wire helix surrounding the
shaft are provided at the distal end of the tubular element. Once the tips of the aforementioned

_ embodiments are pre-formed the shape of the tip may not be changed any further during use
30  thereof.
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A guide wire having a tip the shape of which may be changed is known from
US-A-5 040 543. For this purpose the wire comprises an axially moveable core element the
distal end of which may straighten the pre-curved helical wire tip. Thus the physician may
control the size of the J-bow during the treatment from outside the patient. However, this
construction is complicated and there is the risk, that the tip of the moveable core element

may emerge between adjacent windings of the wire helix and may injure the inner wall of the
vessel.

W

US-A-4 925 445 discloses a gﬁiﬁe wire for a catheter having a comparably stiff main section
and a comparably flexible distal end section. These sections are made at least in part of a
super elastic member. In order to prevent that the tip of the distal end section penetrates the
wall of the vessel the tip is R-shaped, ball-shaped, J-shaped, annular or spiral. In order to be
able to insert the distal end section in a simple and safe manner to a pre-selected position
within the blood vessel, the distal end section is pre-formed by a curvature that corresponds to
the anatomy of the vascular system or the vascular branching. This is disadvantageous in that
for each individual intervention an individual shape of the guide wire tip has to be pre-

manufactured which requires extensive storage.
facl . : : : . .
It 1s therefore an object of the invention to provide for a guiding aid of the above mentioned

type that is simple in construction and safe in application and which may be used for guiding

elongated instruments in branchings of both large and small vessel diameters. This object is

0  attained by a guiding aid of the above mentioned type, the shaft of which comprises at least

one further bent section, wherein all bent sections of the shaft exhibit the same sign of

curvature and are located substantially in the same plain. In large vessels the shaft, by means

of the plurality of sections being bent in the same direction, may provide for sufficient total

curvature such that the guiding aid may be threaded into a branching, optionally by bearing

25  against a wall of the vessel opposite the branching. When being used in small vessels the

further bent sections of the shaft proximal the first bent section of the guiding aid are

straightened while the distal first bent section, when the curvature thereof is suitably

dimensioned, maintains its shape to be maneuvered into a branching. Thus there is provided

for an industrially pre-formable and thus standardized guiding aid that is suited for being

30 threaded into branchings both from large and from small vessels. Furthermore, the physician
no longer has to pre-form the shaft prior to the intervention himself.
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In a preferred embodiment of the invention the shaft comprises just one further or second bent
section having a further or second curvature that is located proximal of the first bent section

such that the advantages of the invention are attained in a particular simple way by requiring
35  that only two bent sections have to be pre-formed.
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In a preferred embodiment of the invention the radius of curvature of the first bent section is
smaller than the radius of curvature of the second bent section. Thereby the risk for buckling
of the proximal curvature is lowered and the proximal curvature thereby is better adapted to
transfer an axial movement to the distal curvature and the tip.

Preferably the shaft comprises between the first bent section and the second bent section a
straight intermediate section in order to provide for an intermediate section that is stable for
the transfer of axial movements which for example assists in preventing the distal end section
of the guiding aid from again'.l"e:‘aving a branching already entered by the distal end section.

In an advantageous embodiment of the invention the shaft comprises a straight end section
distal to the first bent section. This distal end section facilitates the entry into a branching by
acting as support for the distal end of the shaft protruding into the branching.

In a preferred embodiment of the invention the straight end section and the straight
intermediate section include a first obtuse angle and the straight intermediate section and the
instrument axis include a second obtuse angle comprising an angle of in the range of from 120
to 150°, preferably of about 135°. As a result the straight end section is oriented laterally, for
example under an angle in the order of about 90°, to the instrument axis in the direction of the

opening of a branching and may be introduced into the branching particularly e?s:y\'
A

Advantageously the bent sections are substantially in the shape of a circular arc. This type of
curvature is uniform and may be provided for with the most simple means.

In a further preferred embodiment of the invention the shaft is tapered towards its distal end,
such that the shaft is more and more flexible towards its distal end. Thereby the risk of injury
of the inner wall of the vessel by the tip of the shaft of the guiding aid is reduced.

In a further preferred embodiment of the invention there is provided around the shaft at least
partially a helically wound spring. Thereby the risk for kinking of the wound shaft section is
lowered while maintaining high flexibility. Furthermore, by means of the spring a rapid
change of the outer diameter of the guiding aid is avoided in the tapered shaft. Preferably, the

helically wound spring is provided at its distal end with a rounded terminal element to further
lower the risk of injury.

In a further advantageous embodiment of the invention the shaft is comprised of a material
with super elastic characteristics, preferably of super elastic Nitinol. Due to the shaft shape of
the invention being adapted to be pre-shaped by the manufacturer this material having a shape
memory effect may be used for the shaft.
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In another preferred embodiment of the invention radiopaque means are provided in the
region of the distal end of the shaft such that the instrument tip may be followed during
navigation by the physician on an X-ray screen.

The invention relates further to the use of a gui;ling”aid as described above with steerable
instruments. In particular, the guiding aid of the invention may be located at the distal end for
example of a guide wire, a pressure sensing wire or a balloon catheter. The practical
attainment of the locating procedure or the attachment respectively of a guiding aid in or at
such an instrument is known“from the prior art described above such that these instruments

may be provided with the inventive shape of the guiding aid and its advantageous use.
a5 . :
Further  advantages of the guiding aid of the invention will become apparent from the

description of a preferred embodiment which will be described below by reference to the
attached drawings wherein:

FIG. 1 shows a guiding aid comprising a J-shaped tip having the correct dimensions for the
branching conditions;

FIG. 2 1llustrates a guiding aid with a J-shaped tip being dimensioned too large for the
branching conditions;

FiG. 3 1illustrates a guiding aid with a J- shaped tip being dimensioned too small for the
branching conditions;

FIG. 4 is a schematic illustration obf a guiding aid of the invention;

FIG. 5 shows the guiding aid of FIG. 4 at a branching from a large vessel;

FIG. 6 shows the guiding aid of FIG. 4 at a branching from a small vessel; and

FIG. 7 shows a guide wire comprising a guiding aid of‘the invention in sectional view.

A poltior art guiding aid for an instrument to be advanced within the human vascular system
having a flexible, shapeable shaft 2 comprising a first bent section 4 having a first curvature
K in J-shape is shown in FIGS. 1 to 3 in vascular branchings of different size. In FIG. 1 the
curvature K, is dimensioned such that the distance of the distal end 14 of shaft 2 from the
instrument axis 12 corresponds to about the diameter of the vessel from which the guiding aid
is to be threaded into a branching. In this manner the tip of the guiding aid may protrude into
the branching vessel even when the guiding aid bears proximally to the bent section 4 against
the wall of the vessel opposite to the opening of the branching vessel. By rotating the
instrument and thereby rotating the guiding aid about the instrument axis 12 the distal end 14
thereof is introduced into the branching easily and rapidly, prov1ded the dimension of the bent
section 4 corresponds to about the vessel diameter.
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In FIG. 2 the curvature K, is dimensioned such that the distance of the distal end 14 from the
instrument axis 12 is substantially larger than the diameter of the vessel from which the
guiding aid is to be introduced into a branching. Within the small vessel the bent section 4 of
the guiding aid is straightened such that the tip is directed substantially in the direction of the
instrument axis 12. Therefore the tip of the guiding aid tends to pass the opening of the
branching which renders the threading thereof into the branching difficult.

Threading of the guiding aid into a branching is similarly difficult in case that, as is shown in

FIG. 3, the curvature K; is diménsioned such that the distance of the distal end 14 from the

instrument axis 12 is substantially smaller than the diameter of the main vessel. Within the
large lumen vessel there is no suitable lateral support for the guiding aid because when the
shaft 2 bears against the wall of the vessel the distal end 14 of the guiding aid does not
protrude into the vessel opening. This demonstrates to what an extent the successful
advancement of an instrument with guiding aid is determined by the dimensioning of the
curvature K, in relation to the size of the vessel diameter. '

The guiding aid of the invention shown in FIG. 4 comprises a flexible shapeable shaft 2
having a first bent section 4 with a first curvature K, and proximal thereto a second bent
section 6 with a second curvature K;, wherein the two bent sections 4 and 6 of the shaft 2
exhibit the same sign of curvature and are positioned substantially in the same plain E which
in FIG. 4 is the drawing plain. Shaft 2 comprises a straight intermediate section 8 between the
bent sections 4 and 6 and a straight end section 10 distal to the first bent section 4 which end
section 10 constitues with its distal end 14 the tip of shaft 2. The straight intermediate section
8 and the axis 12 of the instrument include a first obtuse angle o and the intermediate section
8 and the straight end section 10 include a second obtuse angle o;. Bent sections 4 and 6 are
substantially in the shape of a circular arc, with the radius of curvature of the first bent section
4 being smaller than the radius of curvature of the second bent section 6.

In FIGS. 5 and 6 there is shown how the guiding aid of the invention is threaded from a large
vessel and from a small vessel, respectively, into a branching. As is shown in FIG. 5 the
curvatures K; and K; of the two bent sections 4 and 6, respectively, are dimensioned such that
the tip 14 of the guiding aid protrudes into the opening of the branching even if the main
vessel has a large lumen and even if shaft 2 bears against the wall of the main vessel opposite
the opening of the branching. In case of a small lumen vessel, such as is shown in FIG. 6,
although the proximal bent section 6 is straightened, the distal bent section 4 is dimensioned
such that its curvature K; may be maintained and the tip 14 of the guiding aid may be
introduced into the branching.
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FIG. 7 shows a guide wire that is provided with a guiding aid of the invention. Phe flexible
shapeable shaft 2 of the guiding aid is constituted by the distal portion of the-Core wire of the
guide wire, which, for coronary applications, has an outer diamet/er/of typically about
0.35 mm. A first bent section 4 has a first curvature K,, and proximal thereto a second bent
section 6 has a second curvature K;, with the two bent sections 4-and 6 being bent in the same

\ direction with respect to the axis 12 of the instrument, i.e_With the same sign of curvature,
/% and which are positioned substantially in the same plain E, which in FIG. 7 is the drawing
plain. Between the bent sections 4 and 6 shaft 2 comprises a straight intermediate section 8

having a length of approximately 3 mm, and distal'to the first bent section 4 shaft 2 comprises
a straight end section 10 with a length of approximately 1.5 mm. The straight intermediate
section 8 and the axis 12 of the instrumeé include a first obtuse angle o), and the straight
intermediate section 8 and the straight’end section 10 include a second obtuse angle o, with
both obtuse angles having a valué of about 135°. The bent sections 4 and 6 a formed

substantially in the shape of a ?,rcular arc, with the radius of curvature of the first bent section
15 4 being about 8 mm and the radius of curvature of the second bent section 6 being about

3 mm. Shaft 2 1s tapered’towards its distal end 14 via a plurality of conical intermediate
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::3; sections. In order to provide for a substantially constant outer diameter of the guide wire, a
x;« helical spring 16 is xvound at least partially around shaft 2, preferably within the tapered shaft
[“j portion which within the region of the distal end 14 of shaft 2 is made of an radiopaque
j 20  material 20 whHich is threadedly connected to the proximal spring 16 at an attachment side 22

attached to shaft 2 at its proximal end and preferably also at an additional location, for
exgMmple by means of a brazing or solder or adhesive connection. The core wire of the guide
25 ire and thus shaft 2 preferably are made of Nitinol.

Although an embodiment of the invention having two bent or curved sections has been

described above with reference to FIGS. 4 to 7, the guiding aid may comprise three or more
bent or curved sections.
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